Occurence of Nitrate in Well Waters by Larson, T.E. & Henley, Laurel
OCCUFIRJ<I\TCI.3 OF NITBITE I N  WELL WATEKS 
P r i n c i p a l  I n v e s t i g a t o r  
T o  E. Larson 
P r o j e c t  D i r ec to r  
Laure l  Henley 
I l l i n o i s  S t a t e  Water Survey 
F i n a l  Report 
P r o j e e t  6 5 - O ~ G  
U n i v e r s i t y  of I . l . l inois  Water Resources Center  
Supported by 
Of f i ce  of Water Resources Research 
U .  S. Department of I n t e r i o r  
June 1966 
INTRODUCTION 
I n  r e c e n t  yea r s ,  cons iderab le  i n t e r e s t  has  been expressed 
i n  t h e  n i t r a t e  con ten t  of  wate r  s u p p l i e s .  Much of t h i s  i n t e r e s t  
i s  due t o  r ecen t  a r t i c l e s  publ ished i n  s c i e n t i f i c  j ou rna l s ,  
magazines, and newspapers concerning t h e  hazards  of excess ive  
n i t r a t e  t o  both  humans and l i v e s t o c k .  Even though i t  has  no t  
been shown t h a t  chemical  f e r t i l i z e r s  a r e  r e spons ib l e  f o r  h igh  
n i t r a t e  i n  wate rs ,  t h e  i nc reased  use  of such f e r t i l i z e r s  has  
been a f a c t o r  i n  s t i m u l a t i n g  t h i s  i n t e r e s t .  
It was t h e  purpose of t h i s  p r o j e c t  t o  s tudy  t h e  occurrence 
of n i t r a t e  i n  w e l l  wate rs  i n  I l l i n o i s  by r e l a t i n g  n i t r a t e  occur- 
rence t o  w e l l  depth,  t o  t h e  source  of t h e  water ,  t o  t h e  physio- 
g raphic  d i v i s i o n s  of t h e  s t a t e ,  and t o  t h e  geographica l  l o c a t i o n  
of t h e  w e l l .  Se l ec t ed  l o c a t i o n s  w i t h i n  t h e  s t a t e  con ta in ing  
h igh  n i t r a t e  concen t r a t i ons  were c o r r e l a t e d  w i t h  geo log ic  i n f o r -  
mation on s o i l s  and s u b s o i l s .  
The S t a t e  Water Survey has been making chemical  ana lyses  
of' wa te r  i n  I l l i n o i s  s i n c e  1895. The r e s u l t s  of t h e s e  ana lyses  
a r e  on IBM punch cards ,  and about 9000 ana lyses  c o n t a i n  d e t e r -  
minations f o r  n i t r a t e .  This  i s  t h e  source  of most of t h e  d a t a  
used i n  t h i s  s tudy .  
I n  a l l  r e f e r e n c e s  t o  n i t r a t e  concen t r a t i on  i n  t h i s  s tudy,  
t h e  n i t r a t e  i s  expressed i n  mg/l a s  NO3. 
ANALYSIS AND RESULTS 
An IBM p r i n t o u t  was prepared from t h e  punch-card f i l e s  
showing ground-water analyses  i n  which n i t r a t e  was determined, 
along with the  we l l  loca t ion ,  the  depth, the  probable- source 
of water ( d r i f t ,  limestone, sandstone),  and o t h e r  a v a i l a b l e  
p e r t i n e n t  information. These analyses  were f i r s t  grouped by 
we l l  depth (0-25, 26-50, 51-100, 101-200, and over 200 f e e t ) ,  
and the  analyses  wi th in  each of these  groups were then ranked 
i n  order  of decreasing n i t r a t e  content .  These da ta  were 
p l o t t e d  on logar i thmic-probabi l i ty  coordinates  t o  permit an 
evalua t ion  of t h e  r e l a t i o n  between we l l  depth and n i t r a t e  
occurrence throughout the  s t a t e .  
Table 1 shows t h a t  87 percent  of the  samples from wel ls  
of 0 t o  25 f e e t  i n  depth contained a n i t r a t e  content  of 1 
mg/l o r  more; 56 percent  contained 10  mg/l o r  more; 28 percent  
contained 45 mg/l o r  more; and 13 percent  contained more than 
100 mg/l. The r e s u l t s  c l e a r l y  show a decrease i n  the  n i t r a t e  
content  a s  the  depth increases ,  i n d i c a t i n g  t h a t  the  shallow 
wel l s  a r e  more l i k e l y  t o  conta in  excessive n i t r a t e  concentra- 
t i o n s  than the  deeper wel l s .  
The analyses  were then segregated according t o  well-depth 
range and n i t r a t e  content  (6-10, 11-40, 41-100, and over 100 
mg/l),. By the  use of assigned symbols f o r  each range of 
n i t r a t e  concentrat ion,  the  loca t ions  of the  wel l s  were p l o t t e d  
on overlay maps of the  s t a t e ,  one f o r  each of t h e  se lec ted  
depth ranges. These overlay maps r e a d i l y  provided information 
regarding the  geographic loza t ion  of the  samples wi th  unusual 
concentrat ions of n i t r a t e .  
These maps indica ted  t h a t  high n i t r a t e  concent ra t ions  
(41 mg/l and over)  were f a i r l y  we l l  s c a t t e r e d  throughout the  
s t a t e ,  with the  exception of th ree  a r e a s .  Two of the  th ree  
a reas  of somewhat g r e a t e r  dens i ty ,  the Troy Grove a rea  i n  
LaSalle County and the  Ancona a rea  i n  Livingston and LaSalle 
Counties, were a reas  of r a t h e r  extensive l o c a l  sampling. A l -  
most every a v a i l a b l e  wel l  i n  these two a reas  had been sampled. 
In  the  t h i r d  a rea ,  the southern h a l f  of Whiteside County, many 
shallow sandpoint wel l s  of 30-foot depth o r  l e s s  a r e  i n  use.  
Since t h i s  o r i g i n a l  IBM p r i n t o u t  contained more than one 
ana lys i s  f o r  some of the wel l s ,  a t  t h i s  poin t  a l l  analyses  
except one f o r  each wel l  were removed from Dhe s tudy.  Each 
ana lys i s  se lec ted  t o  be re ta ined  was considered a  representa-  
t i v e  sample of the  ground water f o r  t h a t  w e l l .  
A l l  of t h e  re ta ined  analyses  (about 7000) were then 
Segregated by we l l  depth (0-50, 51-200, and over 200 f e e t )  
wi th in  each a r e a  of exposed g l a c i a t i o n  ( f i g u r e  l ) ,  and ranked 
i n  order  of decreasing n i t r a t e  content .  The da ta  were again 
p l o t t e d  on logar i thmic-probabi l i ty  coordinates ,  and r e s u l t s  
a r e  shown i n  t a b l e  2 .  
It i s  i n t e r e s t i n g  t o  note  t h a t  the  frequency of occur- 
rence of higher  n i t r a t e  content  i s  g r e a t e r  i n  the  I l l i n o i a n  
g lac ia ted  a r e a  which was not  covered by the  l a t e r  Wisconsinan 
g l a c i a t i o n .  
The analyses were then further segregated by well depth 
within each phsiographic division of the state, ranked in 
order of decreasing nitrate content, and again plotted on 
logarithmic-probability coordinates to evaluate the relation 
between well depth and nitrate content within each phsio- 
graphic region. The results are shown in table 3. Figure 2 
shows the physiographic regions (M.M. Leighton, George E. 
Elcblaw, and Leland Horberg, "~hysio etc., " Illinois State 
Geological Survey, Report of Investigation 129, 1948). 
The results show that the Mt. Vernon Hill Country which 
coincides with the southern portion of the Illinoian drift 
sheet has the highest percentage of analyses of 45 mg/l and 
over in wells of 0 to 50 and 51 to 200 feet in depth. The 
Shawnee Hills Section has the highest percentage of the 45 
mg/l concentrations in the wells of over 200 feet in depth. 
To study the relation between nitrate content and source 
of water (drift, limestone, and sandstone), the analyses were 
then segregated by source within each glaciated area and also 
in each physiographic region, ranked in order of decreasing 
nitrate content, and plotted on logarithmic-probability 
coordinates. The results are shown in tables 4 and 5. 
Waters from all three sources are shown to contain higher 
nitrate contents at all concentrations in the undisturbed 
Illinoian glaciated area than in the Wisconsinan glacial area. 
The Mt. Vernon Hills physiographic region is noted to contain 
the highest percentage of drift and sandstone wells with 
nitrate contents of 45 mg/l and over. 
LOCAL AREA STUDIES 
A t  s eve ra l  p laces  i n  I l l i n o i s ,  every a v a i l a b l e  wel l  wi th in  
a  loca l i zed  region has been sampled. Two of these  regions 
were se lec ted  f o r  a  comparison of n i t r a t e  concentrations with 
s o i l s  i n  t h e  a rea .  
I n  one a r e a  of Livingston County, 46 wel l s  wi th in  1 2  t o  13 
square miles were sampled. Twenty-six of these  samples showed 
n i t r a t e  concentrat ions g r e a t e r  than 15 mg/l, and i n  23 of these  
the  n i t r a t e  was g r e a t e r  than 45 mg/l. 
I n  another  a rea  of about 25 t o  30 square miles i n  Iroquois  
County, only 3 of 201 samples showed n i t r a t e  concentrat ions 
g r e a t e r  than  15 mg/l. Two of the  t h r e e  samples showed n i t r a t e  
g r e a t e r  than 45 mg/l. 
County s o i l  map8of the  Universi ty  of I l l i n o i s  Agricul-  
t u r a l  Experiment S t a t i o n  show the  top s o i l  i n  both a reas  t o  
be l a r g e l y  brown s i l t  loam. The s o i l s  a r e  q u i t e  s imi la r ,  and 
a r e  reported t o  have a  n i t rogen content  of 5000 t o  6000 pounds 
per  a c r e  per  2,000,000 pounds of s o i l  i n  the  top 6 inches o r  
so .  The organic content  ranges from 55,000 t o  65,000 pounds 
per  a c r e  per  2,000,000 pounds of s o i l .  
The b ig  d i f fe rence  between the  two a reas  was i n  the  depths 
of the  we l l s .  I n  the  Iroquois  County a r e a  where t h e  n i t r a t e  
Content was low, th ree  wel l s  were l e s s  than 25 f e e t  i n  depth 
with n i t r a t e  concentrat ions ranging from 0 . 3  t o  62.5 mg/l, and 
21 we l l s  were 26 t o  99 f e e t  i n  depth with n i t r a t e  ranging from 
0 t o  11.1 mg/l. The remaining we l l s  were 100 f e e t  o r  more i n  
depth, but l a r g e l y  l e s s  than 200 f e e t ,  and t h e  n i t r a t e  was l e s s t h a n  
10 mg/l and usua l ly  l e s s  than 5 mg/l, except f o r  one. A we l l  
With a depth of 189 f e e t  had a n i t r a t e  content  of 46 .8  mg/l. 
It i s  poss ib le  t h a t  t h i s  we l l  had a leaking  casing o r  an i m -  
proper we l l  p i t .  
I n  the  Livingston County area ,  9 wel ls  were l e s s  than 26 
f e e t  i n  depth with n i t r a t e  ranging from 1 .6  t o  438 mg/l; 26 
we l l s  were from 26 t o  99 f e e t  i n  depth wi th  n i t r a t e  from 1.3 
t o  660 mg/l; and 7 wel ls  were over 100 f e e t  i n  depth with 
n i t r a t e  ranging from 1 . 3  t o  193 mg/l. I n  t h i s  a rea ,  13 of the  
samples showed more than 100 mg/l n i t r a t e ,  8 more than  200 
mg/l, 5 more than 300 mg/l, 3 more than 400 mg/l and 1 over 
600 rng/l. 
This suggests t h a t  the  problem i n  t h e  Livingston County 
a r e a  may be e i t h e r  a t o p - s o i l  o r  top-of-the-well  problem. 
E i t h e r  n i t r a t e  i s  being leached from t h e  top s o i l ,  o r  unsani- 
t a r y  condi t ions  e x i s t  i n  the  v i c i n i t y  of t h e  we l l .  
FIELD STUDY 
Fie ld  t r i p s  were made t o  two v i l l a g e s  i n  Logan County 
t h a t  had a h i s t o r y  of high n i t r a t e  i n  municipal wel l s .  Sam- 
p l e s  c o l l e c t e d  a t  one of the  v i l l a g e s  showed a n i t r a t e  content  
of 40.9 mg/l i n  a 96-foot wel l ,  and 37.7 mg/l i n  a 105-foot 
wel l .  Previous analyses  had shown even higher  n i t r a t e  contents  
( a s  much a s  123 mg/l i n  the  96-foot w e l l ) .  The dissolved 
oxygen content  of the water was found t o  be 2 .4  mg/l from the  
96-foot we l l  and 7.2 mg/l from the  105-foot wel l .  Because 
disso lved  oxygen i s  normally absent  i n  ground-water samples, 
t h i s  i s  an  abnormal condi t ion .  The cons t ruc t ion  of t h e  105-foot 
w e l l  was of gravel-pack design.  Because of t h e  h igh  dissolved 
oxygen content  and n i t r a t e  content  of t h e  water being pumped 
~Trom t h i s  well ,  i t  i s  assumed t h a t  much of t h e  water o r i g i n a t e s  
from a shallow sand and g rave l  formation and i s  f lowing t o  t h e  
screen  through the  g rave l  pack. Well cons t ruc t ion  da ta  were 
not  a v a i l a b l e  f o r  the  94-foot wel l ,  but the  same condi t ion  may 
e x i s t .  
Samples c o l l e c t e d  from a 104-foot we l l  i n  t h e  o the r  v i l -  
l age  showed a  n i t r a t e  content  of 24..7 mg/1 and a  d isso lved  
oxygen content  of 3.6,  mg/l. It was a l s o  a  gravel-pack wel l ,  
so i t  i s  l i k e l y  t h a t  t h e  water being pumped from t h a t  w e l l  was 
e n t e r i n g  from the  upper formation.  
CONCLUSIONS 
The s tudy has shown t h a t  excessive conzent ra t ions  of 
n i t r a t e  a r e  more l i k e l y  t o  be found i n  shallow we l l s  (50-foot 
depth o r  l e s s )  than  i n  deeper w e l l s .  Twenty-three percent  of 
the  samples taken from shallow we l l s  contained 45 mg/l o r  
more of n i t r a t e .  
Excessive concent ra t ions  of n i t r a t e  a r e  more l i k e l y  t o  
be found i n  d r i f t  wel l s  than  i n  l imestone o r  sandstone w e l l s .  
High n i t r a t e  concent ra t ions  were f a i r l y  we l l  s c a t t e r e d  
throughout t h e  s t a t e  except f o r  t h r e e  a r e a s .  
Well cons t ruc t ion  i s  an important f a c t o r  i n  t h e  n i t r a t e  
content  of we l l  waters .  Any cons t ruc t ion  t h a t  al lows sur face  
y a t e r  o r  wate r  from a shallow depth t o  e n t e r  t h e  w e l l  i s  more 
l i k e l y  t o  c o n t a i n  excess ive  n i t r a t e  concen t r a t i ons .  
Because on ly  a l i m i t e d  number of personne l  were a v a i l -  
a b l e  f o r  t h i s  s tudy,  no a t tempt  was made t o  c o r r e l a t e  n i t r a t e  
- 
concen t r a t i on  wi th  va r ious  s o i l  t ypes  and wi th  proximity  t o  
common sources  of' n i t r a t e  i n  farm w e l l s  such as barnyards,  
f e e d l o t s ,  manure p i l e s ,  and s e p t i c  t ank  f i e l d s *  
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Table 2. Well Depth Versus Ni t ra te  Content i n  Glaciated Areas 
(percent of the  analyses with n i t r a t e  equal t o  o r  
g rea te r  than the concentration shown) 
0-50 f t  i n  depth 51-200 f t  i n  depth Over 200 f t  i n  depth 
Conc. mg/l Conc. mg/l Conc. mg/l 
NO. of No. of as NO; No. of a s  NO, 
Area Anal. Anal. 1 1  0 45 100 Anal. 1 10 45 100 
- - - - 7 - - -
Wisconsinan Glacia l  585 
I l l i n o i a n  Glacia l  617 
A l l  o ther  areas  77 100 57 21 8.0 108 78 24 8.0 1.0 87 67 8.2 1.8 o 
Ent i re  s t a t e  1279 84 47 23 12 2912 65 15 4.1 1.3 2637 57 5 .0  0.6 0.1 
Table 3. Well Depth Versus Ni t ra te  Content i n  Physiographic Areas 
(Percent of the  analyses with n i t r a t e  equal t o  o r  
g rea te r  than the  concentration shown) 
0-50 f t  i n  depth 51-200 f t  i n  depth Over 200 f t  i n  depth 
Conc. mg/l Conc. mg/l Conc. mg/l 
Physiographic No. of a s  NO3 No. of as NO3 No. of a s  NO3 
d iv is ion Anal. 1-- Anal. 1 10 45 100 Anal. 1 10 45 100 
- --- - -- -
Bloomington Ridged Pla in  369 78 41 18 11 1124 61  10 1.8 0.7 565 54 2.1 0.2 0 
Chicago Lake Pla in  6 * * - E - E  34 37 0 0 0 377 56 1 .3  0.5 0.4 
Coastal Pla in  12 * * * *  17 JC * -x -x 16 jt * jt -x 
Galesburg Pla in  
Green River Lowland 
Kankakee P la in  
Lincoln H i l l s  Section 28 100 53 18 4.3 22 ~t * * JC 3 * + e *  * 
M t .  Vernon  ill Country 81 92 66 40 20 121 82 40 19 8.0 69 56 3.2 2.2 1.8 
Rock River H i l l  Country 37 90 53 4 . 8 0  158 78 41 10 2.2 269 68 19 2.3 0 
Salem Plateau Section 11 * J C + - E  21 JC * -R -x 7 3 c *  * 
Shawnee H i l l s  Section 26 100 59 24 13 41 80 32 6.2 0 38 69 13 3.8 0 
Springfield Pla in  412 81 44 27 16 476 63 19 5.8 2.2 73 62 12 1 .3  0 
Wheaton Morainal Country 46 69 21 5.7 5.0 396 54 2.4 0.4 0 788 54 2 . 2 0 ,  0 
Wisconsin Dr i f t l e s s  Section 0 * * J c *  7 -x * Y -x 23 j c * j c  * 
*Data ommitted because of l e s s  than 25 analyses 
Table 4. Source Versus Nitrate Content i n  Glaciated Areas 
(percent of the analyses w i t h  n i t r a t e  equal t o  o r  
greater  than the concentration shown) 
D r i f t  Wells Limestone Wells Sandstone Wells 
Conz. mg/l Cone. mg/l Conc . m g / l  
No. of as NO3 No. of as NO3 No. of as NO3 
Area 
-- - 
Anal. 1 10 45 100 Anal. 1 10 45 100 
- -- - --- -
Anal. 1 1 0  45 
--- - 
Wisconsinan Glacial 2245 64. 18 5.1 2.4 1254 58 7.7 2 . 1  0.4 824 58 6.5 1.8 0.7 
I l l ino ian  G l a c i a l  1079 75 34 16 8.5 280 61 15 5.9 1.3 361 66 23 14 7.3 
A l l  other areas 127 85 4 0 1 4  3.9 85 84 25 10 2.8 45 67 1 2  0 0 
Entire State 3451 69 24 8.8 4 .3  1619 62 9.8 3.1 0.6 1230 6 1 1 2  5.3 2.6 
Table 5 .  Source Versus N i t r a t e  Content i n  Physiographic Areas 
(percent  of the  analyses  w i t h  n i t r a t e  equal  t o  o r  
g r e a t e r  than t h e  concent ra t ion  shown) 
D r i f t  Wells Limestone Wells Sandstone Wells 
Conc. m g / l  Cone. m g / l  Cone. mg/l 
Physiographic No. of as NO; No. of as NO3 No. of as NO3 
d i v i s i o n  Anal. I 10 45 100 
- - -- - 
Anal. - 1 --- Anal. 
--- 
3loomington Ridged P l a i n  1472 63 16 5 . 0 2 . 4  237 66 4 . 2 1 . 2 0 . 8  261 63 8.2 3 . 7 2 . 0  
:hicago Lake P l a i n  12 3t 3t )C * 128 50 0 .9  0 0 119 56 0 0 0 
2oastal  P l a i n  
;ale,sburg P l a i n  
i reen River Lowland 
Zankakee P l a i n  281 73 12  3.4 1 .5  114 58 1 4  3 . 2 0  59 39 6.0 3.0 2.3 
Lincoln H i l l s  Sec t ion  40 86 37 8.0 o 12  si )t * -E 1 -E -E -E -E 
4 t .  Vernon H i l l  Country 71  83 53 26 11 8 3t -E -E 189 76 33 1 9  9.8 
iock River H i l l  Country 105 84  39 1 .8  0 117 78 42 1 4  2.9 140 63 16 3.0 0 
jalem Pla teau  Sec t ion  1 4  * 3 t *  -E 20 -E 3t -E -E 3 )t -E -E 3~ 
Thawnee H i l l s  Sec t ion  44 90 49 19 7.2 23 3t 3t )t )t 38 66 1 3  0 0 
jpringf i e l d  P l a i n  807 72 30 15  8.0 53 68 27 14  4 .1  90 58 23 1 4  8.0 
Theaton Morainal Country 266 53 4.9 0.6 0.5 645 55 2.8 0.4 0 233 47 2 . 7 0  0 
J isconsin D r i f t l e s s  Sec t ion  1 3 t * *  3t 1 3  -E * -x -E 3 )t * -x 3~ 
'Data ommitted because of l e s s  than  25 ana lyses  

F I G U R E  2 .  P H Y S I O G R A P H I C  D I V I S I O N S  
